ABSTRACT . Serum parathyroid hormone (PTH) and calcitonin (CT) levels in fractured racehorses were measured by radioimmunoassay. Racehorses with fracture of large bone such as the radius, third metacarpus, third carpus, digital bone or tibia, showed normal PTH level and elevated CT level in the serum. Serum PTH level was slightly higher in racehorses with sesamoid bone fracture compared to that of healthy racehorses, but not statistically significant. Moreover, serum CT level of racehorses with sesamoid bone fracture was significantly higher than that of healthy racehorses. Racehorses with sesamoid bone fracture and large bone fracture might be in different conditions of calcium regulation.-KEY WORDS: calcitonin, fracture, parathyroid hormone, racehorse, radioimmunoassay.
to 30 minutes after accidents.
Racehorses were classified into 3 groups. Group I was consisted of 32 non-fractured healthy racehorses aged 4 to 7 years old, and used as control. Collected sera were preserved at 20°C until use. Group II includes 29 horses having fracture of large bone, such as the radius, third metacarpus, third carpus, digital bone or tibia. Group III has 14 horses having fracture of small bone such as sesamoid bones.
Radioimmunoassay: The serum levels of PTH and CT were measured by using human PTH-C and CT radioimmunoassay kit (Eiken Immunochemical Laboratory, Tokyo, Japan) under the manuals and manufacturer's instruction. 125 I-human PTH and 125 I-human CT were used for assays. Cross reactivity of the carboxyterminal of human and the equine PTH was investigated and validated [18, 19] . Cross reactivity between human and equine CT was also proved by radioimmunoassay [9] and immunohistochemistry [3] . Furthermore, we had confirmed that the standard curves of the extract of equine parathyroid and thyroid included CT producing C-cells were parallel to those of the human serum PTH and CT, respectively (Figs. 1 and 2). Serum hormone levels were determined by γ-syntilation counter (Autowell Gamma System, ARC-300, Aroca, Tokyo). The intra-assay coefficiencies of the variation of assays of PTH and CT were 1.7 and 6.5%, respectively. The measurement of the concentration of the sample sera and the standard sera was performed in duplicate. Serum hormone levels were represented by common logarithms.
Statistical analysis: Statistical significance of serum PTH and CT levels between before and after fracture was analyzed by paired-t test. Statistical significance on the concentration of PTH between before both types of bone fractures and healthy horses was analyzed by unpaired-t test. CT concentration between before both types of fractures and healthy horses was analyzed by non-parametric Wilcoxon's rank-sum test.
Racehorses have been improved to achieve the maximum speed for many years, and an excellent breed is called "an object of art". On the other hand, regrettably, their physiological changes with several physical problems might have been occurred. Recently, many accidents on the motor organs, especially bone fractures, are reported during the race or training [8, 12, 14] . The bone fracture might be closely related to mineral metabolic disorders, such as osteoporosis. However, the detail mechanism is not yet to be well clarified.
Parathyroid hormone (PTH), secreted from the parathyroid, plays an important role on the mineral metabolism and bone remodeling [5] . It increases blood calcium (Ca) level by accelerating bone resorption [5] , and also increases inorganic phosphorus (Pi) excretion in renal tubules by inhibiting the absorption of Pi [15] . Serum PTH level is controlled by blood Ca level through Ca-sensing receptors [4] . On the other hand, calcitonin (CT) is secreted from para-follicular cells (C cells) of the thyroid to inhibits the elevation of serum Ca when it is high [6, 7] . However, serum levels of these calcium-regulating hormones in racehorses have not been investigated very well.
In the present study, we measured serum PTH and CT levels of racehorses with bone fracture before and/or after the occurrence to elucidate the relationship between the occurrence of fracture and their serum levels.
MATERIALS AND METHODS

Test horses and sample collection:
Seventy-five AngroArab or Thoroughbred racehorses were examined. Blood samples used had been collected as a routine health check within one year before fracture accidents occurred, and/or 5
RESULTS
Serum PTH and CT levels from healthy racehorses:
In healthy racehorses, serum concentration of PTH was 1.7 ± 1.1 ng/ml (mean ± SD), and that of serum CT was under detectable level (20.0 pg/ml), in most animals. Those of healthy racehorses are shown in Table 1 . Serum PTH level in healthy horse described in reference [19] were comparable to the values in current study.
Serum PTH and CT levels in horses with fracture: The serum levels of PTH and CT of fractured horses before and after fracture are shown in Tables 2 and 3 . There were no significant differences in the serum levels of both PTH and CT between before and after fracture in Group II and III. The serum level of PTH before fracture from horses with sesamoid bone fracture (Group III) was 2.5 ng/ml and tended to be slightly higher than those of healthy horses (p=0.1118). On the other hand, serum level of CT before fracture in the horses with large bone fracture (Group II) and with sesamoid bone fracture were 64.6 and 89.6 pg/ml, respectively and significantly higher than that of healthy horses (p<0.01).
DISCUSSION
Serum PTH and CT levels of fractured racehorses were investigated. Serum level of CT in horses with fractures of large bone as well as sesamoid bone was significantly higher than those of healthy control horses, although there were no significant differences in the serum level of PTH nor CT between before and after fracture in the same group. Serum level of PTH in horses before sesamoid bone fracture was slightly higher, but not statistically significant, than that in healthy control horses, while horses with large bone fracture showed the comparable serum levels of PTH to those of healthy horses.
To understand the serum PTH and CT levels in fractured racehorses was the primary objective of the current study. CT works to lower the serum Ca level by inhibiting the osteoclast activity when the serum Ca level was elevated [6] . In fractured horses, the CT level was elevated significantly before the accidents. This condition means that there were the certain conditions for animals to maintain the serum Ca level within normal range, or to lower the serum Ca level back to normal. Therefore, these horses might have the condition of high Ca intake by feeding, or overtaking of vitamin D which elevates serum Ca level [5] .
Bone fractures of racehorses are relatively common during their races or training [8, 12, 14] . The fracture is an injury of bone, in which the organ receives an excessive loading over the maximum stiffness and/or the elasticity. In racehorses, the high intake of Ca resulted denser cortical bone, which leads the loss of viscoelastic property [13] . Ca supplementation has been recommended to decrease the risk of osteoporosis in human [1] . However in racehorses, intravenous Ca inoculation immediately induced upregulation of serum CT production and kept serum Ca level lowered for about a week, and reduced bone mass was observed after chronic Ca inoculation [11] . The sesamoid bones of horses are mainly consisted with trabecular bone structure [21, 22] , and receiving strong mechanical stress during races or training [2, 20] . In horses with sesamoid bone fracture, serum CT level was elevated and serum PTH was slightly higher than that of healthy control horses. PTH elevates the serum Ca level by accelerating bone remodeling [5] . This condition may be similar to those of postmenopausal osteoporosis patients with high bone turnover [10] . In those patients, reduced bone mass, especially in trabecular bone such as in the vertebra, is obvious [10] . Those weight bearing bones with reduced bone mass are easily broken with the excessive mechanical stress [10] . Several factors besides serum Ca level, such as steroid treatment [17] and magnesium deficiency [16] , are known to affect serum PTH level. To speculate the different pathogenesis between large bone and sesamoid bone fracture, change of serum PTH might have a pivotal role.
To predict bone fracture accidents, the measurement of these calcium regulating hormone levels in sera might be helpful to understand the condition of mineral metabolisms of racehorses. Some animals in healthy horses of current study showed high PTH or CT levels. These individuals would seem to be under critical conditions and expected for foreknowing of bone fractures.
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